Demonstration of cooperating alpha subunits in working (Na+ + K+)-ATPase by the use of the MgATP complex analogue cobalt tetrammine ATP.
The MgATP complex analogue cobalt-tetrammine-ATP [Co(NH3)4ATP] inactivates (Na+ + K+)-ATPase at 37 degrees C slowly in the absence of univalent cations. This inactivation occurs concomitantly with incorporation of radioactivity from [alpha-32P]Co(NH3)4ATP and from [gamma-32P]Co(NH3)4ATP into the alpha subunit. The kinetics of inactivation are consistent with the formation of a dissociable complex of Co(NH3)4ATP with the enzyme (E) followed by the phosphorylation of the enzyme: (Formula: see text). The dissociation constant of the enzyme-MgATP analogue complex at 37 degrees C is Kd = 500 microM, the inactivation rate constant k2 = 0.05 min-1. ATP protects the enzyme against the inactivation by Co(NH3)4ATP due to binding at a site from which it dissociates with a Kd of 360 microM. It is concluded, therefore, that Co(NH3)4ATP binds to the low-affinity ATP binding site of the E2 conformational state. K+, Na+ and Mg2+ protect the enzyme against the inactivation by Co(NH3)4ATP. Whilst Na+ or Mg2+ decrease the inactivation rate constant k2, K+ exerts its protective effect by increasing the dissociation constant of the enzyme.Co(NH3)4ATP complex. The Co(NH3)4ATP-inactivated (Na+ + K+)-ATPase, in contrast to the non-inactivated enzyme, incorporates [3H]ouabain. This indicates that the Co(NH3)4ATP-inactivated enzyme is stabilized in the E2 conformational state. Despite the inactivation of (Na+ + K+)-ATPase by Co(NH3)4ATP from the low-affinity ATP binding site, there is no change in the capacity of the high-affinity ATP binding site (Kd = 0.9 microM) nor of its capability to phosphorylate the enzyme Na+-dependently. Since (Na+ + K+)-ATPase is phosphorylated Na+-dependently from the high-affinity ATP binding site although the catalytic cycle is arrested in the E2 conformational state by specific modification of the low-affinity ATP binding site, it is concluded that both ATP binding sites coexist at the same time in the working sodium pump. This demonstration of interacting catalytic subunits in the E1 and E2 conformational states excludes the proposal that a single catalytic subunit catalyzes (Na+ + K+)-transport.